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INTRODUCTION 

The  acre  yield  of  sugar  in  some  of  the  sugar-beet-growing  areas  of 
the  United  States  has  been  materially  increased  during  the  last  two 
decades.  This  has  been  accomplished  largely  as  a  result  of  improved 
cultural  practices,  including  crop  rotation,  increased  use  of  manures 
and  commercial  fertilizers,  disease  control,  choice  of  variety  to  be 
grown,  and  improved  irrigation  practice.  In  some  cases  the  increase 
in  yield  of  sugar  per  acre  has  been  the  result  of  increase  in  tonnages 
of  sugar  beets  produced  per  acre,  more  or  less  at  the  expense  of  quality 
as  expressed  by  sucrose  percentage  and  the  apparent  purity  coefficient 
of  the  beets.  Factories  in  a  number  of  districts  have  adopted  a  sys- 
tem of  purchasing  sugar  beets  on  a  price  scale  based  on  percentage  of 
sucrose  in  the  delivered  crop.  It  follows  that  the  higher  the  average 
sucrose  test,  the  beet  tonnage  being  generally  maintained,  the  greater 
the  net  return  per  ton  of  beets  delivered.  Therefore  consideration  of 
cropping  and  manurial  practices  influencing  quality  is  of  practical 
importance. 

The  purpose  of  this  circular  is  to  present  the  results  obtained  over  a 
period  of  6  years,  1930-35,  in  a  series  of  29  crop  rotations  in  which 
sugar  beets  were  included. 

1  In  cooperation  with  the  Division  of  Western  Irrigation  Agriculture,  Bureau  of  Plant  Industry.  The 
sugar-beet  crops  dealt  with  in  this  circular  have  been  grown  at  the  Scotts  Bluff  Field  Station  of  the  Division 
of  Western  Irrigation  Agricultuie  at  Mitchell,  Nebr.  The  data  on  plot  yields  and  the  samples  for  chemicai 
analysis  have  been  supplied  by  that  division.  During  these  investigations  special  assistance  was  given  by 
the  late  James  A.  Holden,  formerly  superintendent,  and  by  the  present  acting  superintendent,  Lionel  Harris. 
Acknowledgment  is  made  to  S.  H.  Hastings,  principal  agronomist,  Division  of  Western  Irrigation  Agri- 
culture, and  to  G.  H.  Coons,  principal  pathologist,  Division  of  Sugar  Plant  Investigations,  Bureau  of  Plar;: 
Industry,  for  suggestions  regarding  the  manuscript. 
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ROTATIONS 

The  rotations  from  which  data  were  taken  are  those  maintained  at 
the  Scotts  Bluff  Field  Station,  Mitchell,  Nebr.  (table  1).  This  station 
is  located  in  the  North  Platte  reclamation  project.  Hastings,2  in  a 
general  report  on  the  crop  rotations  of  this  station,  states  that  the 
soil  where  these  investigations  are  conducted  has  been  classed  as  Tripp 
very  tine  sandy  loam,  typical  of  the  extensive  areas  of  terraces  lying 
north  of  the  North  Platte  River,  and  that  soils  of  this  type  are  among 
the  more  productive  found  on  the  project.  On  the  basis  of  the  soil 
survey  of  Scotts  Bluff  County,3  Hastings  notes  that  the  chief  soils  of 
the  project  range  from  a  sandy  loam  to  a  loamy  fine  sand,  with  the 
Mitchell,  a  very  fine  sandy  loam,  predominating.  Aside  from  the 
lowlands  bordering  the  North  Platte  River,  the  agricultural  lands 
have  natural  and  effective  drainage. 

The  station  was  established  in  1910,  and  many  of  the  rotations 
began  in  1912;  others  were  added  in  1920  and  1926.  The  periods  in- 
volved should  be  adequate  to  insure  a  stabilization  of  soil  behavior 
for  the  various  conditions  imposed.  The  details  of  the  lay-out  of 
plots  and  methods  of  handling  have  been  given  in  publications  by 
Scofield  and  Holden  4  and  Hastings.5  In  any  1  year  each  rotation 
was  represented  by  one  plot  165  by  82%  feet.  The  repetition  of  the 
rotations  over  a  number  of  years  is  relied  upon  for  reduction  of  chance 
occurrence  and  the  assumption  is  made  that  soil-variability  effects 
are  minor  or  are  largely  compensated. 

The  sugar-beet  nematode  was  not  present  in  these  plots  in  spite  of 
repeated  croppings  or  the  short  intervals  between  sugar-beet  crops  in 
certain  of  the  rotations;  however,  the  root  knot  nematode  has  been 
found  on  some  plots. 

The  methods  employed  with  the  various  crops  conformed  to  the 
general  practices  of  the  area;  sugar  beets  were  planted  during  the 
latter  part  of  April,  20  pounds  of  seed  being  used  per  acre,  in  rows 
20  inches  apart.  Triinning  and  other  cultural  operations  were  per- 
formed according  to  standard  methods  and  were  uniform  for  the 
plots.  The  crop  was  harvested  in  late  October  and  all  the  beets  were 
weighed  in  determining  the  yields. 

2  Hastings,  S.  H.  irrigated  crop  rotations  in  western  Nebraska.,  1912-34.  U.  S.  Dept.  Agr.  Tech. 
Bull.  512,  36  pp.,  illus.    1936. 

3  Skinner,  L.  T.,  and  Beck,  M.  W.  soil  survey  of  scotts  bluff  county,  Nebraska.  U.  S.  Dept. 
Agr.  Bur.  Soils  Field  Oper.  1913,  Rept.  15;  2059-2097,  illus.    1915. 

i  Scofield,  C.  S.  irrigated  crop  rotations  in  western  Nebraska.  U.  S.  Dept.  Agr.  Tech.  Bull.  2, 
26  pp.,  illus.    1927. 

s  Hastings,  S.  H.  effect  of  alfalfa  and  farm  manure  on  yields  of  irrigated  crops  in  the  great 
plains.    IT.  S.  Dept.  Agr.  Tech.  Bull.  483,  40  pp.     1935. 
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Table  1. — Crop  rotations  in  which  sugar  beets  were  grown,  Scotts  Bluff  Field  Station, 

Mitchell,  Xebr. 


Rotation  no. 

Year 

started 

Years 

in 

rotation 

Cropping  system 

2                       -  -.- 

1912 
1912 
1912 
1912 
1912 
1912 
1912 
1912 
1912 
1926 

1926 

1926 

1926 

1926 

1926 

1926 
1920 

1920 
1926 

1926 

1926 

1912 
1912 
1912 
1912 
1912 
1920 
1920 

1920 

.iYu  mber 

Sugar  beets,  continuous. 

18                -     -  - 

2 
2 
2 
2 
2 
3 
3 
3 
2 

2 

2 

3 

4 

4 

4 
4 

4 
4 

4 

4 

4 
4 
6 
6 
6 
6 
7 

Sugar  beets;  spring  wheat. 

20  -      

Sugar  beets;  potatoes. 

21               

Sugar  beets;  potatoes  (manured). 

22 

23 

30 

Sugar  beets;  oats. 

Sugar  beets  (manured) ;  oats. 

Sugar  beets,  potatoes,  oats. 

31          ._     

Sugar  beets  (manured),  potatoes,  oats. 

32 --. 

Sugar  beets,  corn,  oats. 

13 

15.        

Oats  with  sweetclover  (green  manure,  fall-plowed);  sugar  beets 
second  year. 
Same  as  13  except  that  sweetclover  was  pastured  with  sheep 

19 

33.          -  -              

before  fall  plowing;  sugar  beets  second  year. 
Same  as  13  except  that  hay  was  removed  in  fall  before  plowing; 

sugar  beets  second  year. 
Sugar    beets,    oats,    and    sweetclover    (spring-plowed,    green 

43 

46-1 

manure),  potatoes. 
Oats  seeded  with  sweetclover  (pastured  with  sheep  fall  and 
spring),  potatoes;  third  year  oats  and  sweetclover  (pastured 
with  sheep,  fall-plowed);  fourth  ye&r  sugar  beets. 

46-2 

beets. 
Second  crop  of  sugar  beets  in  the  above  rotation. 

45-1            

Sugar  beets  (2  vears),  oats  and  sweetclover  (pastured  with  sheep"). 

45-2        

First  crop  of  sugar  beets. 
Second  crop  of  suear  beets  in  the  above  rotation. 

47 

49.        

oats  seeded  with  sweetclover  (fall-plowed),  fourth  year  sugar 
beets. 

41    .            -     

third  year  sugar  beets,  fourth  year  beans. 

40 

42 

60             -         -             - 

sweetclover  (pastured  with  sheep  and  fall-plowed),  potatoes. 
Sugar  beets,  alfalfa  (2  years),  potatoes. 
Sugar  beets,  alfalfa  (2  years),  oats. 

61 

62 

Sugar  beets,  alfalfa  (3  years),  corn,  oats. 

64—     

71-1 

71-2 

Sugar  beets,  sugar  beets  (manured),  oats,  alfalfa  (3  years),  potatoes. 

First  crop  of  sugar  beets. 
Second  crop  of  sugar  beets  (manured). 

To  determine  sucrose  percentages  and  apparent  purity  coefficients 
the  plots  were  sampled,  only  normally  competitive  beets  being  taken. 
The  numbers  of  beets  comprising  the  samples  ranged  from  10  to  20. 
Sucrose  was  determined  by  the  Sachs-Le  Docte  method.  Apparent 
purity  coefficients  were  computed  from  refractometer  readings  of  total 
solids,  except  in  1930  and  1931,  when  the  Brix  spindle  was  used  to 
determine  total  solids. 

The  results  obtained  are  given  as  averages  for  the  6-year  period 
beginning  with  1930  (tables  2  and  3).  The  analysis-of-variance  method 
has  been  applied  to  the  data  for  the  29  rotations  over  the  6  years  of 
the  test  (tables  4  and  5)  the  years  of  the  test  being  used  as  the  replica- 
tions and  the  different  crop  rotations  as  the  treatments.  Variance 
not  thus  assignable  has  been  used  to  compute  experimental  error. 
The  values  indicated  as  required  for  significance  conform  to  the 
conventional  requirement  of  two  times  the  standard  error  of  the 
difference.  Because  of  the  nature  of  the  rotation  plan  and  the  limited 
statistical  evaluation  that  may  be  applied,  only  the  strongly  con- 
trasting items  are  stressed.  As  the  rotations  are  continued  and  more 
annual  records  accumulate,  consistency  in  performance  over  many 
years  should  permit  more  detailed  conclusions  and  eliminate  certain 
apparent  contradictions. 
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Table  2. — Sugar-beet  crops  in    the   various    rotations    at   the   Scotts    Bluff   Field 

Station,  Mitchell,  Nebr. 
[Data  given  as  6-year  averages;  yields  calculated  to  acre  basis] 


Years 

Cropping  system 

Acre 
yield 

Sucrose 

Appar- 
ent 
purity 
coeffi- 
cient 

Sugar  per  acre 

Rotation 

Gross 

Indi- 
cated 
avail- 
able 

Continuous      crop- 
ping: 
No.  2 

Tons 
5.2 

Percent 
18.3 

93.2 

Pounds 
1,904 

Pounds 

1,774 

2 
2 
2 
3 
3 

Sugar  beets;  spring  wheat. 

Short  rotations  in- 
volving only  cash 
crops: 
No.  18 

7.6 
7.6 
7.4 
7.4 
7.8 

18.0 
17.7 
17.6 
18.1 
18.2 

93.5 
92.6 
92.8 
93.3 
93.1 

2,757 
2,702 
2,585 
2,679 
2,828 

2,571 
2,496 
2,388 
2,492 
2,624 

No.  20 

Sugar  beets;  potatoes- 

No.  22 

Sugar  beets;  oats 

No.  30  ... 

Sugar  beets,  potatoes,  oats 

Sugar  beets,  corn,  oats 

No.  32 

7.6 

17.9 

93.1 

2,710 

2,514 

2 
2 

2 
3 

Oats    with     sweetclover     (green 

manure  fall-plowed) ;  sugar  beets 

second  year. 
Same  as  13  except  that  sweetclover 

was  pastured  with  sheep  before 

fall-plowing;  sugar  beets  second 

year. 
Same  as  13  except  that  hay  was 

removed  in  fall  before  plowing; 

sugar  beets  second  year. 
Sugar  beets,  oats,  and  sweetclover 

(spring-plowed,  green  manure), 

potatoes. 

Short  rotations  with 
soil-building    leg- 
ume crop: 
No.  13 

12.2 
13.9 

11.1 
15.4 

17.2 
16.7 

17.6 
17.5 

90.4 
90.1 

91.9 
90.9 

4,122 
4,650 

3,914 
5,295 

3,723 

No.  15 

4,182 
3,598 

No.  19 

No.  33 

4,802 

Average.. 

13.2 

17.3 

90.8 

4,495 

4,076 

4 
4 

Potatoes,  sugar  beets,  oats,  sugar 
beets.    First  crop  of  sugar  beets. 

Second  crop  of  sugar  beets  in  the 
above  rotation. 

4-year    rotations 
without  soil-build- 
ing legume  crop: 
No.  46-1 

10.1 
9.9 

17.9 
17.9 

91.5 

91.7 

3,635 
3,449 

3,323 

No.  46-2.... 

3,148 

10.0 

17.9 

91.6 

3,542 

3,236 

4 

4 

4 
4 

4 

4 

4 
4 

Oats    seeded    with    sweetclover 
(pastured  with  sheep  fall  and 

and  sweetclover  (pastured  with 
sheep,  fall-plowed) ;  fourth  year, 
sugar  beets. 

Sugar  beets  (2  years);  oats  and 
sweetclover      (pastured      with 
sheep).    First    crop    of    sugar 
beets. 

Second  crop  of  sugar  beets  in  the 
above  rotation. 

Oats    seeded    with    sweetclover 
(spring-plowed  June  1),  potatoes, 
oats   seeded   with   sweetclover 
(fall-plowed) ;  fourth  year,  sugar 
beets. 

Oats    seeded    with    sweetclover 
(spring-plowed  June  1),  potatoes; 
third  year,  sugar  beets;  fourth 
year,  beans. 

Sugar  beets,  oats,  and  sweetclover 
(fall-pastured     with     sheep), 
sweetclover      (pastured      with 
sheep  and  fall-plowed) ,  potatoes. 

Sugar  beets,  alfalfa  (2  years),  pota- 
toes. 

Sugar  beets,  alfalfa  (2 years),  oats_. 

4-year  rotations  with 
soil-building    leg- 
ume crop: i 
No.  43 

13.2 

16.8 

13.7 
13.7 

12.8 

15.3 

14.2 
14.0 

16.1 

16.5 

17.4 
17.0 

15.7 

16.9 

16.1 
16.6 

89.9 

89.6 

91.5 
90.8 

88.5 

90.0 

90.6 
91.2 

4,216 

5,532 

4,750 
4,667 

3,993 

5,115 

4,574 
4,680 

3,785 

No.  45-1 

4,953 

No.  45-2 

4,350 

No.  47 

4,226 

No.  49 

3,527 

No.  41 

4,593 

No.  40.— 

4,137 

No.  42 

4,224 

14.2 

16.5 

90.3 

4,691 

4,224 

Sweetclover  or  alfalfa  spring-plowed  preceding  the  crop  except  where  indicated  as  fall-plowed. 
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Table  2. — Sugar-beet  crops  in   the   various   rotations   at    the    Scotts    Bluff   Field 
Station,   Mitchell,  Nebr. — Continued 


Years 

Cropping  system 

Acre 
yield 

Sucrose 

Appar- 
ent 
purity 
coeffi- 
cient 

Sugar  per  acre 

Rotation 

Gross 

Indi- 
cated 
avail- 
able 

Longer       rotations 
(soil-building  leg- 
ume crop  includ- 
ed): 
No.  60 

6 
6 
6 

Sugar  beets,  alfalfa  (3  years),  pota- 
toes, oats. 

Sugar  beets,  alfalfa  (3  years) ,  corn, 
oats. 

Sugar  beets,  oats,  alfalfa  (3  years) , 
potatoes. 

Sugar  beets,  sugar  beets  (manured) , 
oats,  alfalfa  (3  years),  potatoes. 
First  crop  of  sugar  beets. 

Tons 
12.5 

13.3 

14.9 

13.4 

Percent 
16.1 

16.5 

15.2 

15.2 

90.3 
90.6 

88.7 
88.5 

Pounds 
4,051 

4,372 

4,541 

4,039 

Pounds 
3,655 

No.  62 

No.  64 T__ 

No.  71-1 

3,950 
4,027 
3,568 

13.5 

15.8 

89.5 

4,251 

3,800 

Difference  required 
for  significance. 

2.12 

1.02 

1.78 

781 

724 

Table  3. — Comparison  of  rotations  including  sugar  beets  with  and  without  manure 
applications,  at  the  Scotts  Bluff  Field  Station,  Mitchell,  Nebr. 

[Data  given  as  6-year  averages;  yields  calculated  to  acre  basis] 


Rotation 

Years 

Cropping  system 

Acre 
yield 

Sucrose 

Appar- 
ent 
purity 
coeffi- 
cient 

Sugar  per  acre 

Gross 

Indi- 
cated 
avail- 
able 

20 

2 
2 
2 
2 
3 
3 

6 

6 

7 

Sugar  beets,  potatoes- 

Tons 
7.6 

15.8 
7.4 

17.3 
7.4 

16.6 

12.5 
16.2 
13.4 

16.8 

Percent 
17.7 
17.0 
17.6 
16.4 
18.1 
17.5 

16.1 

15.8 

15.2 

15.3 

92.6 
91.3 
92.8 
89.2 
93.3 
91.2 

90.3 

89.3 

88.5 

88.4 

Pounds 
2,702 
5,343 
2,585 
5,640 
2,679 
5,792 

4,051 

5,091 

4,039 

5,062 

Pounds 
2,496 

21 

Sugar  beets,  potatoes  (manured)  __ 
Sugar  beets,  oats 

Sugar  beets  (manured),  oats 

Sugar  beets,  potatoes,  oats 

Sugar  beets  (manured),  potatoes, 
oats. 

Sugar  beets,  alfalfa  (3  years),  pota- 
toes, oats. 

Sugar  beets  (manured),  alfalfa  (3 
years),  potatoes,  oats. 

Sugar  beets,  sugar  beets  (ma- 
nured), oats,  alfalfa  (3  years), 
potatoes. 

Sugar  beets  (manured),  oats, 
alfalfa  (3  3Tears),  potatoes,  sugar 
beets. 

4,861 

22        

2,388 

23 

5,027 

30 

2,492 

31.        

5,277 

60            

3,655 

61.                   

4,542 

71-1 

3,568 

71-2 

4,470 

Average,  with 
manure. 

Average, with- 
out manure. 

16.5 
9.7 

16.4 

16.9 

89.9 
91.5 

5,386 
3,211 

4,835 

2,920 

1  First  sugar-beet  crop. 

2  Second  sugar-beet  crop. 
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The  rotations  used  permit  a  number  of  comparisons.  It  is  possible 
to  compare  the  general  effect  on  yields  of  short,  medium,  and  long 
cycles.  Rotations  with  and  without  legumes  may  be  contrasted.  In 
a  limited  number  of  rotations  special  types  of  handling  legume  crops 
were  employed.  The  data  permit  some  comparisons  of  the  effects  of 
specific  crops  immediately  preceding  the  beet  crop.  In  some  cases 
the  same  rotation  scheme  was  used  with  and  without  manure.  In 
the  consideration  of  these  major  comparisons  the  data  may  be  viewed 
from  three  points  of  view:  (1)  The  effect  upon  yield  of  sugar  beets; 
(2)  the  effect  upon  sucrose  percentage;  and  (3)  the  effect  upon  acre 
yield  of  sugar  (indicated  available6).  Indicated  available  sugar  per 
acre  reflects  the  value  of  the  rotation  as  a  whole  for  sugar  beets,  since 
it  is  influenced  by  the  three  factors,  weight  of  beet,  sucrose  percentage, 
and  apparent  purity  coefficient. 

COMPARISON  OF  SHORT,  MEDIUM,  AND  LONG  ROTATIONS 

This  series  of  plots  does  not  provide  for  a  complete  comparison  of 
the  effect  of  long  and  short  rotations  upon  the  production  of  sugar 
beets  because  of  the  fact  that  when  there  is  a  short  interval  between 
sugar-beet  crops  the  intervening  crop  is  usually  a  nonlegume  and 
when  the  interval  between  sugar-beet  crops  is  long  a  legume  crop  is 
introduced.  This  factor  must  be  taken  into  consideration  in  a  dis- 
cussion of  the  effect  of  rotation  length.  Hence  differences  in  yield  of 
sugar  beets  in  a  short  rotation,  as  compared  with  those  in  the  long- 
rotations,  may  indicate  the  effect  of  the  legume  crop  rather  than  the 
effect  of  the  time  intervals. 

The  plot  on  which  beets  have  been  grown  continuously  since  1912 
without  any  applications  of  manure  has  reached  a  low  standard  of 
production.  During  the  last  6  years  the  average  yield  has  been  5.2 
tons  of  beets  per  acre,  which  is  significantly  lower  than  the  mean  of 
any  of  the  other  cropping  systems. 

The  continuous  beet  plot  has  produced  beets  showing  a  very  high 
sucrose  percentage,  which  has  consistently  been  slightly  higher  than 
that  from  any  other  plot.  The  present  average  is  18.3  percent.  The 
continuous  cropping  of  sugar  beets,  in  which  sugar  beets  showing  a 
very  high  sucrose  percentage  are  produced,  indicates  that  this  attri- 
bute cannot  be  increased  with  sufficient  rapidity  to  compensate  for 
decided  losses  in  tonnage.  The  indicated  available  sugar  produced 
on  this  continuously  cropped  plot  shows  an  average  of  only  1,774 
pounds  per  acre,  which  is  approximately  750  pounds  less  than  that  from 
any  other  type  of  cropping  tested.  It  is  sufficiently  low  to  show  that 
continuous  cropping  is  significantly  poorer  as  a  cropping  practice 
than  any  other  used  with  sugar  beets  at  this  station. 

Table  2  shows  the  effect  of  2-  and  3-year  rotations  involving  only 
cash  crops  to  which  no  crop  residues  or  manures  were  added.  These 
systems  are  also  unprofitable  from  the  standpoint  of  sugar-beet  pro- 
duction. Production  has  averaged  only  2,514  pounds  of  indicated 
available  sugar  per  acre  produced  from  an  average  yield  of  7.6  tons  of 
sugar  beets  having  an  average  sucrose  percentage  of  17.9.  These  plots 
have  shown  a  marked  uniformity  in  the  tonnage  of  sugar  beets  pro- 
duced per  acre.  The  sucrose  percentage  has  also  been  very  similar. 
As  compared  one  with  another,  they  do  not  even  approach  a  significant 

6  Acre  yields  of  sugar  are  calculated  as  gross  sugar,  obtained  by  multiplying  the  weight  of  the  beets  by 
their  sucrose  percentage.  Indicated  available  sugar  is  calculated  by  multiplying  gross  sugar  by  the  apparent 
purity  coefficient  as  a  percentage  factor. 
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difference  in  sucrose  percentage  or  in  tons  per  acre.  From  these  rota- 
tions it  is  evident  that  high  test  for  sucrose  and  high  apparent  purity 
coefficients  of  the  sugar  beet  have  not  compensated  for  the  low  ton- 
nages obtained.  For  profitable  rotations  of  sugar  beets  the  use  of 
some  method  of  maintaining  tonnage  seems  very  essential. 

Probably  many  factors  are  involved  in  the  poor  yields  secured  from 
sugar  beets  in  a  rotation  employing  only  cash  crops;  however,  the  main 
factor  seems  to  be  decrease  in  soil  fertility.  Observations  of  these  plots 
over  a  period  of  years  have  shown  that  there  may  be  a  slight  increase 
of  the  effect  of  sugar-beet  diseases  such  as  leaf  spot  and  black  root, 
but  that  these  are  not  the  major  causes  of  low  yield.  There  has  been 
a  heavy  mortality  of  plants  during  the  growing  season  on  these  plots, 
and  the  stand  has  been  about  55  percent,  but  it  is  not  known  whether 
these  death  losses  were  due  to  black  root  diseases  or  to  the  lack  of 
proper  fertilizer  elements  in  the  soil.7 

At  harvesttime  the  beets  from  these  plots  are  usually  very  small; 
in  fact  many  of  them  are  less  than  1.5  inches  in  diameter  and  are  not 
salable  because  of  lack  of  size.  The  top  growth  on  these  beets  also 
is  always  small,  and  they  show  an  indication  of  maturity  very  early 
in  the  season. 

In  one  of  the  4-year  rotations  (46)  two  crops  of  sugar  beets  are  grown 
with  an  oat  crop  after  the  first  crop  of  beets,  and  a  potato  crop  after 
the  second  crop  of  beets.  The  sucrose  percentages  of  these  two  crops 
of  beets  averaged  the  same  (17.9),  and  there  was  no  important  differ- 
ence in  the  yield  of  tons  per  acre  or  indicated  available  sugar.  In  3 
of  the  past  6  years  rotation  46-1  has  yielded  a  higher  tonnage  than 
46-2  and  in  3  years  a  lower  tonnage.  The  production  of  indicated 
available  sugar  in  rotation  46  has  been  significantly  better  than  the 
2-  and  3-year  rotations  involving  only  cash  crops  or  continuous 
cropping.  However,  rotation  46  was  begun  in  1926,  while  the  other 
rotations  were  begun  in  1912,  which  would  leave  some  room  for  doubt 
whether  this  difference  of  indicated  available  sugar  per  acre  was 
due  to  any  other  factor  than  that  of  plot  location  and  the  period 
involved. 

All  these  rotations  consisting  exclusively  of  cash  crops  are  un- 
profitable. None  of  them  are  long,  but  there  are  probably  sufficient 
differences  in  rotation  length  among  them  so  that  if  increasing  the 
interval  between  beet  crops  increased  sugar-beet  yield,  such  should 
have  been  shown. 

Consistently  high  sucrose  percentages  were  obtained  from  beets  in 
all  rotations  in  which  no  legume  crop  is  included  or  manure  used  (nos. 
18,  20,  22,  30,  32,  and  46).  The  sucrose  percentage  of  these  rotations 
varies  from  a  high  of  18.2  to  a  low  of  17.6.  The  requirement  for 
significance  is  ±1.02,  and  the  small  differences  existing  may  be 
assigned  to  chance  variation. 

COMPARISON  OF  ROTATIONS  WITH  AND  WITHOUT  LEGUME  CROPS 

The  rotations  make  possible  a  comparison  of  the  two  legume  crops, 
sweetclover  and  alfalfa.  The  sweet  clover  crop  has  been  handled 
by  different  methods,  being  fall-plowed,  spring-plowed,  and  pastured, 
as  well  as  removed  as  a  hay  crop.  The  alfalfa  has  been  planted  in 
April,  either  with  or  without  a  nurse  crop  of  small  grain,  and  the  hay 

7  G.  H.  Coons,  principal  pathologist,  Division  of  Sugar  Plant  Investigations,  examined  these  plots  on 
Sept.  2,  1936.  He  found  a  few  cases  of  fusarium  yellows  (Fusaruim  conglutinans  betae)  on  rotations  2  and 
20  and  practically  no  indications  of  disease  on  other  plots. 
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removed  three  times  a  year  for  a  period  of  2  or  3  years.  In  all  in- 
stances except  in  rotation  42  the  alfalfa  has  been  allowed  to  make 
some  spring  growth  and  has  then  been  plowed  under  for  potatoes. 
The  plowing  has  been  done  the  latter  part  of  May  or  the  first  few 
days  in  June. 

The  results  of  the  2-year  rotations  of  sweetclover  and  sugar  beets 
(nos.  13, 15,  and  19)  have  not  shown  significant  differences  in  indicated 
available  sugar  per  acre,  but  in  rotation  15  there  is  significant  increase 
in  tons  of  beets  per  acre  over  the  yield  in  rotation  19,  and  the  sucrose 
percentage  is  slightly  lower.  The  indicated  available  sugar  in  rotation 
15  approaches  significance  when  compared  with  that  of  rotation  19. 
These  three  rotations  give  a  measure  of  the  efficiency  of  sweetclover 
in  the  rotation  in  which  it  is  plowed  under  in  the  fall  of  the  year  in 
which  it  is  planted.  In  the  first  place,  all  three  rotations  gave  results 
indicating  a  significant  increase  in  acre  yield  of  sugar  over  the  pre- 
viously discussed  cash  crop,  nonlegume  rotations.  During  the  past 
6  years  the  average  increase  in  rotations  13,  15,  and  19  over  nos.  18, 
20,  22,  30,  and  32,  which  are  similar  except  that  they  do  not  include 
sweetclover,  has  been  1,320  pounds  of  indicated  available  sugar  per 
acre,  an  increase  of  slightly  over  50  percent.  This  increase  in  indi- 
cated available  sugar  has  been  largely  due  to  an  increase  in  tonnage, 
as  there  is  only  a  slight  decrease  in  sucrose  percentage.  It  seems 
proper  to  call  special  attention  to  the  value  of  the  sweetclover  with 
a  grain  nurse  crop  where  no  other  legume  or  manure  is  used  in  the 
growing  of  sugar  beets.  In  the  second  comparison  the  results  of  these 
rotations  indicate  that  when  the  sweetclover  hay  is  removed,  the  least 
sugar  per  acre,  the  least  tonnage,  and  beets  of  the  highest  sucrose 
percentage  are  produced;  when  the  crop  is  fall-plowed,  intermediate 
yields  are  produced;  and  when  the  sweetclover  is  pastured  with  sheep 
apparently  the  sugar-beet  crop  is  most  benefited. 

The  beets  from  rotation  33  are  significantly  higher  in  indicated 
available  sugar  per  acre  than  those  from  rotations  13  or  19  and  approach 
significance  over  those  in  rotation  15,  but  are  not  significantly  higher 
in  sucrose  percentage  than  those  from  either  of  these  rotations.  The 
gain  is  made  by  a  significant  difference  in  tonnage  over  rotations  13 
and  19;  the  beets  from  rotation  15  have  the  lowest  sucrose  percentage. 
The  gain  of  the  beets  in  rotation  33  over  those  in  rotations  13,  15, 
and  19  may  be  due  to  the  better  physical  condition  of  the  seedbed  for 
the  sugar  beets  when  following  potatoes.  The  fall-plowing  of  the 
sweetclover  has  been  done  late  in  the  fall,  and  there  has  always  been 
some  damage  to  the  beet  crops  on  these  rotations  because  of  growth 
from  the  plo wed-under  sweetclover  crowns. 

In  the  2-year  rotations  the  sweetclover  was  fall-plowed,  while  in 
the  4-year  rotations  the  sweetclover  was  spring-plowed  in  all  instances. 
This  makes  it  impossible  to  make  any  direct  comparisons  as  to  length 
of  rotation.  In  spring-plowing  sweetclover  for  sugar  beets  there  is 
very  little  growth,  but  the  later  planting  date  used  for  potatoes  allows 
for  more  growth  of  the  sweetclover,  which  is  usually  2  feet  high  when 
plowed.  As  important  as  the  greater  growth,  is  perhaps  the  more 
complete  killing  of  the  sweetclover  by  the  later  plowing.  In  all 
instances  where  sweetclover  is  followed  by  sugar  beets  on  these  plots 
there  has  been  some  injury  from  the  sweetclover  persisting  as  a  weed. 
Where  the  sweetclover  is  pastured  the  second  year  after  planting  there 
is  much  less  of  this  type  of  injury. 
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In  rotation  43,  where  sweetclover  is  fall-plowed  after  being  pastured 
by  sheep,  the  yield  is  not  so  satisfactory  as  in  rotation  47,  where  the 
sweetclover  was  not  pastured.  Pasturing  seemed  to  have  slightly 
depressed  the  sucrose  percentage  recorded  for  rotation  43  but  did  not 
increase  the  tonnage.  These  4-year  sweetclover  rotations  show  some 
differences  in  sucrose  percentages.  Beets  from  rotations  40,  43,  and 
49  are  significantly  lower  in  sucrose  percentage  than  those  from  rota- 
tion 45-2,  which  tested  high  the  second  time  they  occurred  in  the 
rotation.  With  the  exception  of  rotations  45-2  and  49,  the  differences 
in  sucrose  percentages  are  not  significant.  No.  49  produced  the  lowest 
yield  and  beets  of  the  lowest  sucrose  percentage ;  there  is  no  apparent 
explanation  unless  the  bean  crop  has  some  bad  effect.  The  most 
productive  rotation  in  which  sweetclover  is  used  is  no.  45-1 ;  no.  45-2 
produces  beets  that  rank  third  in  value  in  indicated  available  sugar. 
It  shows  the  high  value  of  the  4-year  rotation,  2  years  of  beets  and 
2  years  of  sweetclover;  however,  nos.  45-1  and  45-2  are  an  older 
rotation,  started  in  1920,  while  the  other  sweetclover  rotations  were 
begun  in  1926.  Rotation  41  is  similar  to  rotation  45  in  the  way  the 
sweetclover  is  handled,  the  former  having  a  crop  of  potatoes  grown 
in  place  of  one  of  the  beet  crops. 

The  return  from  the  beet  crop  on  rotation  43  should  apparently  be 
similar  to  that  from  rotation  15  but  does  not  equal  no.  15  in  any  factor 
of  yield.     No  explanation  is  apparent. 

Pasturing  the  first  year  of  sweetclover  gives  no  advantage,  but 
benefits  are  derived  when  the  sweetclover  is  pastured  the  second  year. 
The  sucrose  content  is  satisfactory  where  sweetclover  is  handled  in 
this  manner.  One  noticeable  fact  is  that  no  crop  of  sugar  beets  di- 
rectly following  pasturing  of  sweetclover  exceeds  the  16.7  percent 
sucrose  content  of  rotation  15,  which  is  only  fall  pastured. 

Two  years  of  alfalfa  for  hay  does  not  give  so  good  results  as  pasturing 
the  sweetclover,  but  rotations  40  and  .42  are  satisfactory.  As  a  whole 
the  alfalfa  rotations  have  not  produced  so  high  amounts  of  indicated 
available  sugar  per  acre  as  the  sweetclover  rotations ;  however,  where 
the  sweetclover  is  removed  from  the  land  in  any  manner  other  thon 
pasturing,  the  yields  of  beets  have  not  exceeded  those  in  the  alfalfa 
rotations.  It  must  be  kept  in  mind  that  the  alfalfa  rotations  were 
begun  in  1912  or  1920,  while  most  of  the  sweetclover  rotations  were 
started  in  1926.  There  are  four  rotations  of  6  or  7  years  in  which 
sugar  beets  are  grown  with  alfalfa  crops,  without  benefit  of  manure. 
In  two  of  these  rotations  (60  and  62)  the  same  sucrose  percentages 
and  about  the  same  indicated  available  sugar  per  acre  were  obtained 
as  from 'rotations  40  and  42,  while  rotations  64  and  71  are  significantly 
lower  in  sucrose.  The  reason  the  sucrose  percentage  of  beets  from 
rotation  64  is  lower  than  that  of  beets  from  rotation  60  and  the  ton- 
nage of  rotation  60  lower  than  that  of  rotation  64  may  be  due  to  some 
effect  arising  from  the  place  of  the  oats  and  potato  crops  in  the  rota- 
tion. There  may  be  some  condition  of  the  soil  that  causes  sugar  beets 
after  oats  to  be  slightly  higher  in  sucrose  percentage  and  lower  in 
tonnage  than  is  the  case  when  beets  are  grown  after  potatoes.  Fur- 
ther evidence  of  such  an  effect  appears  in  the  results  obtained  in  some 
of  the  sweetclover  rotations  and  also  in  comparing  rotations  46-1  and 
46-2;  however,  the  differences  are  hot  great  enough  to  be  significant. 

The  variations  in  the  apparent  purity  coefficients  have  generally 
followed  the  variations  in  sucrose  percentage.     The  continuous  crop- 
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ping  and  the  2-  and  3-year  cash-crop  rotations  are  significantly  higher 
than  the  other  rotations  where  legumes  are  included.  The  differences 
in  purity  have  not  been  sufficient  to  have  any  appreciable  effect  on 
the  indicated  available  sugar  per  acre. 

In  si i mm  arizing  the  effects  of  legumes  on  crop  rotation  at  this 
station,  it  is  found  that  use  of  legume  crops  in  the  rotation  has  pro- 
duced consistent  and  profitable  increases  of  the  sugar-beet  crop.  The 
results  from  including  fall-plowed  sweetclover  in  the  rotation  indicate 
that  significant  gains  are  obtained  over  the  results  from  rotations  in 
which  legumes  are  not  used.  Alfalfa  in  the  rotation  for  3  years  has  not 
produced  such  definite  effects  as  some  of  the  sweetclover  rotations. 
It  is  to  be  noted  that  in  all  of  these  types  of  rotation — continuous 
cropping,  cash  crops,  or  rotations  with  legume  crops — only  one 
outstanding  consideration  apparently  has  had  a  controlling  influence 
in  the  choice  of  a  rotation  for  sugar-beet  growing;  namely,  the  rotation 
that  produces  the  greatest  increase  in  tons  per  acre  is  the  one  that 
produces  the  greatest  indicated  available  sugar  per  acre.  Gains  in 
sucrose  percentage  and  apparent  purity  have  been  associated  with 
low  tonnages,  and  these  gains  have  not  given  sufficient  increase  in 
indicated  available  sugar  per  acre  to  compensate  for  low  yield  of  beets. 
In  these  tests,  the  inclusion  of  legume  crops  in  the  rotations  did  not 
depress  the  sucrose  percentage  and  apparent  purity  enough  to  make 
it  desirable  to  exclude  legumes  from  the  rotations  in  which  no  manures 
are  applied. 

EFFECT  OF  THE  USE  OF  MANURE  WITH  CROP  ROTATIONS 

When  manure  is  applied  in  the  crop  rotation,  distinct  variations  in 
sucrose  percentage,  apparent  purity,  and  yields  occurred.  The  gen- 
eral effect  of  manure  is  to  increase  the  tonnage  and  indicated  avail- 
able sugar  per  acre  and  slightly  decrease  the  sucrose  percentage  and 
apparent  purity.  None  of  the  rotations  here  studied  received  large 
amounts  of  manure  per  acre;  therefore  no  great  depression  in  sucrose 
percentage  would  be  expected.  The  rate  of  manuring  within  the 
rotation  cycle  has  been  12  tons  per  acre  in  all  of  the  plots  summarized 
in  table  3.  In  rotations  21  and  23,  manure  is  applied  in  alternate 
years;  in  rotation  31,  the  application  is  made  each  third  year;  in 
rotation  61,  the  application  is  made  once  in  6  years,  and  in  rotation 
71-2,  the  manure  was  applied  each  seventh  year.  In  all  instances 
the  beets  received  the  direct  benefit  of  the  application  except  in 
rotation  21,  where  the  manure  was  applied  to  the  potato  crop. 

The  rotations  in  table  3  permit  of  four  direct  comparisons  of  rota- 
tions with  and  without  manure.  Rotations  71-1  and  71-2  "are  the 
unmanured  and  manured  beet  crops  in  the  same  rotation.  The  beet 
crop  in  71-1  may  have  benefited  slightly  by  the  residual  effect  of  the 
manure  applied  to  the  land  6  years  previously,  but  the  indications  are 
that  the  value  was  not  more  than  0.9  ton  per  acre,  as  that  is  the  gain 
of  rotation  71-1  over  rotation  60. 

Rotations  20  and  22  do  not  indicate  that  oats  or  potatoes  as  pre- 
ceding crops  are  a  distinct  factor  influencing  yield  of  sugar  beets. 
The  slightly  higher  acre  yield  of  indicated  available  sugar  in  rotation 
23  than  is  found  for  rotation  21  may  be  due  to  the  direct  application 
of  manure  to  the  beet  crop  in  the  case  of  the  former  rotation. 
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Rotation  31  (sugar  beets  (manured),  potatoes,  and  oats)  gave  the 
highest  yield  of  indicated  available  sugar  per  acre  and  also  showed  the 
highest  sucrose  percentage  of  any  in  the  manured  series  of  rotations. 

Beets  in  rotations  21,  23,  and  31  show  higher  sucrose  percentages 
than  those  in  rotations  61  and  71-2.  In  the  latter  two  rotations  the 
3  years  of  alfalfa  may  have  had  some  effect  upon  the  sucrose  percent- 
age.    This  should  be  especially  true  of  rotation  60. 

The  five  rotations  receiving  manure,  as  shown  in  table  3,  show  a 
gain  of  6.8  tons  of  beets  or  1,915  pounds  of  indicated  available  sugar 
per  acre  for  the  use  of  the  manure  and  a  decrease  of  only  0.5  percent 
in  sucrose  percentage.  The  rate  of  manuring,  being  only  12  tons  per 
acre  in  a  rotation  cycle,  can  be  considered  as  12  tons  of  manure  per 
acre  direct  to  the  sugar-beet  crop  but  is  less  than  that  amount  when 
allowance  is  made  for  residual  effects.  The  gain  is  sufficiently  great 
to  show  a  good  profit  for  the  use  of  the  manure  considering  the  gain 
in  the  beet  crop  only,  as  the  value  for  the  manure  must  have  been  at 
least  0.57  ton  of  beets  for  each  ton  of  manure  used. 

CONCLUSIONS 

While  the  omission  of  legumes  and  manure  in  the  rotations  produced 
sugar  beets  with  a  high  percentage  of  sucrose,  the  acre  yields  of  sugar 
beets  were  so  low  that  it  seems  necessary  to  use  manure  or  legumes  to 
increase  the  yield  if  a  profitable  sugar-beet  crop  is  to  be  produced. 

The  high-yielding  individual  rotations,  based  upon  indicated  avail- 
able sugar  per  acre,  in  the  order  given  are  nos.  31,  23,  45-1,  21,  33, 
and  41.  In  tons  of  beets  produced  per  acre  there  was  no  significant 
difference  in  this  group,  and  the  same  was  true  in  yield  of  gross  and 
indicated  available  sugar.  Beets  from  rotation  23  were  significantly 
lower  than  those  from  rotation  31  in  sucrose  percentage  and  apparent 
purity  coefficient.  Four  of  these  rotations  produced  beets  with  a 
sucrose  percentage  of  16.9  or  higher.  In  none  of  the  rotations  showing 
highest  rank  in  yield  of  indicated  available  sugar  were  both  manure 
and  legume  crops  used.  Three  of  the  high-yielding  rotations  included 
sweetclover,  and  in  two  of  them  matured  sweetclover  was  pastured. 
There  is  no  very  logical  explanation  of  why  rotation  33  should  be  in 
this  high-yielding  group.  However,  rotations  61  and  71-2  have  yields 
not  significantly  lower  in  indicated  available  sugar  than  any  of  the 
above-named  rotations  except  no.  31,  and  include  the  use  of  both 
manure  and  legumes;  therefore,  it  cannot  be  assumed  that  the  appli- 
cation of  moderate  quantities  of  manure  in  connection  with  rotations 
in  which  alfalfa  is  used  constitutes  an  unfavorable  practice  for  sugar 
beets.  The  two  rotations  mentioned  are  well  suited  to  the  western 
Nebraska  beet-growing  area  and  are  of  superior  value. 

It  is  noticeable  that  in  the  six  rotations  producing  the  highest  indi- 
cated available  sugar  per  acre  there  were  two  2-year  rotations,  two 
3-year  rotations,  and  two  4-year  rotations.  These  rotations  indicate 
that  while  the  use  of  manures  and  legumes  may  have  a  slightly  depress- 
ing influence  on  the  percentage  of  sucrose  in  the  beet,  their  rational 
use  is  necessary  for  the  production  of  satisfactory  crops  of  sugar  beets. 

These  rotations  do  not  indicate  that  corn,  spring  wheat,  oats,  or 
potatoes  have  sufficient  influence  upon  the  percentage  of  sucrose  in 
beets  or  the  indicated  available  sugar  produced  per  acre  to  cause  the 
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selection  of  any  one  of  these  crops  to  precede  sugar  beets.  On  the 
basis  of  present,  knowledge,  the  selection  should  be  made  upon  the 
value  of  the  crop  used  and  not  upon  its  probable  effect  on  sugar-beet 
quality. 

Factors  that  increase  tonnage  yields  of  beets  usually  decrease  the 
percentage  of  sucrose.  This  reduction,  however,  is  not  in  the  same 
order  in  all  combinations  of  legumes  and  manures,  and  there  is  still 
much  to  be  accomplished  in  increasing  the  tonnage  yield  of  beets  and 
maintaining  at  the  same  time  an  acceptable  sucrose  percentage  in  the 
beet. 

The  average  sucrose  percentage  of  beets  for  rotations  without  maoure 
or  legume  crops  is  17.9,  which  is  0.4  lower  than  that  obtained  from  the 
continuously  cropped  beets.  Short  cropping  with  sweetclover  reduces 
the  sucrose  content  of  beets  approximately  0.6  percent  below  that 
shown  for  cash  crops.  The  4-year  rotations,  which  include  2  years  of 
alfalfa  or  2  years  of  sweetclover,  reduce  the  sucrose  percentage  of  beets 
to  16.5,  a  numerical  reduction  of  1.4  in  sucrose  percentage  below  the 
average  for  cash-crop  rotations.  The  longer  rotations,  alfalfa  without 
manure,  produce  beets  with  a  sucrose  percentage  of  15.9,  representing 
an  analysis  of  2.0  lower  than  that  from  the  cash-crop  rotations.  It 
is  noticeable  that  manure  alone  in  small  quantities  (rotations  21,  23, 
and  31)  produced  beets  testing  17  percent  in  sucrose,  or  only  0.9  lower 
than  the  cash-crop  rotation  average.  Manure  and  legumes  in  rota- 
tions 61  and  71-2  produce  beets  testing  15.6  percent,  which  is  lower 
in  sucrose  percentage  by  2.3  than  the  average  for  the  cash-crop  rota- 
tions. There  seems  to  be  a  factor  in  the  combination  of  legumes  and 
manure  that  should  be  studied  further  for  its  effect  upon  sucrose  per- 
centage of  sugar  beets ;  however,  legumes  in  long  rotations  may  have 
more  influence  upon  the  sucrose  percentage  than  the  manure  has. 

From  the  trends  of  the  beet  yields  in  these  plots  i  t  would  seem  unlikely 
that  a  grower  should  choose  a  long  rotation  solely  on  the  basis  of 
returns  from  the  sugar-beet  crop,  but  rather  that  he  should  largely 
consider  the  returns  obtained  from  the  crops  other  than  sugar  beets. 
It  is  recognized  that  long  or  moderately  long  rotations  have  a  decided 
influence  on  nematode  infestation  and  on  the  prevalence  of  leaf  spot. 
The  use  of  manure  in  combination  with  the  legume  crops  in  the  longer 
rotation  produced  some  very  high  tonnages  with  fairly  high  acre 
yields  of  sugar,  but  the  general  effect  on  quality  should  not  be 
disregarded. 
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